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DIGITAL HEARING AID BATTERY CONSERVATION 
METHOD AND APPARATUS 



This application claims priority to Provisional Application No. 60/404,949 filed 
August 21 , 2002. 

FIELD OF THE INVENTION 
[0001] The present invention relates to digital hearing aids, and more 
particularly to prolonging the battery life of digital hearing aids. 



BACKGROUND OF THE INVENTION 

[0002] A significant disadvantage of digital hearing aid devices is the 
relatively short battery life. Typically, the battery life of a digital hearing aid is a week 
or ten days. Therefore, devices may use various methods to conserve battery life. 
One method conserves battery life by detecting when the wearer sleeps at night. 
The device reduces the amount of energy consumed by the processor in such 
circumstances. However, this method does not take into consideration situations 
where the wearer is awake but there is no discernable sound to be processed by the 
device. The above method is not designed to cease processor and clock functions 
at any time, day or night, when the decibel level is low enough that the wearer 
doesn't need to be aware that a particular sound has occurred. 

[0003] However, a digital hearing aid device must awaken quickly enough 
when a noteworthy sound occurs. Ideally, the performance of the device from the 
point of view of the wearer should not be degraded. Examples of this kind of device 
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behavior can be found in cardiac pacemakers. Pacemaker designers emphasize the 
need for the processor to go to sleep in order to conserve battery life, since surgery 
may be necessary if the battery has to be replaced in a pacemaker. This extreme 
requirement is not needed in a hearing aid device, since the battery is easily 
replaced. However, the remarkably short life of batteries in existing hearing aid 
devices results in consumer frustration, as well as unnecessary expense and 
inconvenience. 

SUMMARY OF THE INVENTION 
[0004] A digital hearing aid for conserving a life of a battery comprises an 
audio input device that receives audio signals from an environment. A processor 
processes the audio signals. An audio amplification circuit outputs the audio signals. 
A controller communicates with the audio input device, the processor, and the audio 
amplification circuit and determines a magnitude of the audio signals. The controller 
adjusts parameters of at least one of the processor and the audio amplification 
circuit if the magnitude of the audio signals is less than a predetermined threshold 
for a first period. 

[0005] In another aspect of the invention, a method for conserving a life of 
a battery in a digital hearing aid comprises detecting audio signals in an 
environment. A magnitude of the audio signals is measured. The magnitude is 
compared to a predetermined threshold. Power to one or more modules residing on 
the digital hearing aid is reduced if the magnitude is less than the threshold for a first 
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period. Power to the one or more modules is restored if the magnitude is greater 
than or equal to the threshold. 

[0006] Further areas of applicability of the present invention will become 
apparent from the detailed description provided hereinafter. It should be understood 
that the detailed description and specific examples, while indicating the preferred 
embodiment of the invention, are intended for purposes of illustration only and are 
not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention will become more fully understood from the 
detailed description and the accompanying drawings, wherein: 

[0008] Figure 1 is a functional block diagram of an exemplary hearing aid 
device according to the present invention; 

[0009] Figure 2 is a flow diagram of a hearing aid device according to the 
present invention; and 

[0010] Figure 3 is a state transition diagram of a hearing aid device 
according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0011] The following description of the preferred embodiments is merely 
exemplary in nature and is in no way intended to limit the invention, its application, 
or uses. 
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[0012] Referring now to Figure 1 , a digital hearing aid (DHA) control circuit 
10 is shown. The control circuit 10 includes a audio input transducer 12, an analog- 
to-digital (A/D) converter 14, a digital signal processor (DSP) 16, a digital-to-analog 
(D/A) converter 18, and an audio amplification circuit 20. A power control circuit 22 
controls power delivery from a battery 24 to the control circuit 10. The power control 
circuit 22 conserves life of the battery 12 by optimizing power to the DSP 16. 
Alternatively, the power control circuit 22 may control the power to the control circuit 
10 in totality. 

[0013] Sound 26 is input through the audio input transducer 1 2 of the DHA 
control circuit 1 0, producing a fluctuating voltage or current signal 28 at the output of 
the transducer 12. In a presently preferred embodiment, an analog integrator circuit 
30 monitors this fluctuating voltage or current signal 28 to produce a power control 
logic signal 32 that switches the power to the remainder of the circuit "on" and/or 
"off", as will be discussed below. The parameters of the analog integrator circuit 30 
are selected to provide a reliable indication that an "interesting" sound is present in 
the sound field. For the purpose of the present invention, sounds that are 
determined to be at or above a particular threshold are hereinafter referred to as 
"interesting." Audio signals that are determined to be below the threshold are 
referred to as "uninteresting." The analog integrator 30 can be constructed using a 
small capacitor or other energy storage device to generate an average sound input 
signal over a suitable time frame or sampling window. By integrating over a suitable 
period, the circuit ignores short transient spikes but allows a sustained input sound 
above a predetermined decibel level to turn power on. In alternative embodiments, 
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the sound level may be measured at different locations. For example, the sound 
level may be measured at the output of the DSP 16. In another embodiment, the 
power control circuit 22 includes a comparator that compares the logic signal 32 to 
the predetermined threshold. 

[0014] The audio input transducer 12 is also coupled to the A/D converter 
14, which samples the fluctuating voltage or current signal 28 to produce a digital 
signal 34 that is fed to the DSP 16. The DSP 16 performs sophisticated signal 
processing upon the digital signal 34, based on digital parameters set by an 
audiologist to suit the particular user's hearing aid requirements. The DSP 16 
supplies the processed signal 36 to the D/A converter 1 8, which in turn feeds the 
analog audio amplification circuit 20 that drives a hearing aid output transducer or 
speaker. 

[0015] It is estimated that approximately half of the energy consumed by 
the digital hearing aid is consumed by the analog audio amplification circuit 20 and 
much of the remainder is consumed by the DSP 16 and converter stages 14 and 18. 
The invention conserves battery power by selectively switching these power- 
consuming components off when there is no "interesting" sound present in the sound 
field. In one embodiment, the DSP 16 detects when the input information drops 
below or falls outside the "interesting" level or range. In another embodiment, the 
analog integrator circuit 30 performs this function. When the input sound 26 is 
determined not to be "interesting" by the DSP 16, the analog audio amplification 
circuit 20 and the converter stages 14 and 18 are switched off by sending a suitable 
"off" signal to the power control circuit 22. These circuits remain off until the analog 
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integrator circuit 30 detects an "interesting" sound and produces its power control 
logic signal 32 to switch the power control circuit 22 back on. 

[0016] Thus the analog integrator circuit 30 functions as a power control 
component that mediates how power may be consumed by the digital stages and by 
the audio amplification stages. While use of an analog integrator is presently 
preferred, another embodiment can be constructed by using the output of the analog 
input transducer 12 directly to supply the logic signal 28 to the power control circuit 
22. In such an embodiment the instantaneous sound signal is used to determine 
when power is switched on and/or off. 

[0017] In another, more sophisticated, embodiment a high-speed clock 38 
is added to the power control circuit 22. The clock 38 may be configured to operate 
at a substantially higher clock rate than is required by the sampling systems of the 
A/D converter 14 and DSP 16. The power control circuit 22 uses this higher clock 
rate to mediate when the A/D converter 14, DSP 16, D/A converter 18, and 
amplification 20 circuits are switched on and off. Much power can be saved by 
switching these circuits off during a substantial portion of the time, even when an 
"interesting" sound is detected as present. 

[0018] For example, assume that the DSP 16 is designed to operate upon 
signals in a frequency range from 20 Hz. to 1 2 kHz. This dictates that the sampling 
frequency should be 24 kHz (twice the upper frequency limit). Assume that a DSP 
algorithm requires one hundred samples to perform frequency domain calculations 
needed to effect the desired frequency curve fitting algorithm (this is merely an 
example, used to illustrate the concept of the invention). To obtain the required 



6 



Atty. Ref. 5926-000003 

number of samples, only a few milliseconds of data must be captured each second. 
For example, a clock signal 40 includes a sampling window 42. The duration of the 
sampling window 42 may be a relatively small portion of a second, as indicated by a 
period 44. Using the power control circuit 22, which clocked at a much higher 
frequency (e.g. 100 kHz. or 1 MHz.), the digital components of the DHA control 
circuit 10 can be switched off most of the time. The duty cycle of on-time to off-time 
will depend on the requirements of the DSP algorithm, but in most cases the digital 
circuitry and amplification circuitry can be switched off for a large percentage of the 
time during each second. 

[0019] This high speed switching embodiment, in effect, multiplexes the 
digital hearing aid circuitry between two states: a power-saving state and a sound- 
processing state. For maximum battery life, the power-saving state can be 
configured to switch off all unnecessary components (e.g., the DSP 16, the 
converter circuits 14 and 18, and the amplification circuit 20). Alternatively, all or a 
portion of the power-saving state can be used to perform other less processor- 
intensive tasks, such as performing system housekeeping functions such as 
updating values of ambient noise conditions for use by later processing operations. 

[0020] While the power control circuit 22 of the presently preferred 
embodiment is designed to switch power off to components when they are not 
needed, other embodiments are also envisioned. For example, instead of cutting 
power altogether, the power control component can switch the clock rate of the 
converters 14 and 18 and the DSP 16 to a lower speed. This will save energy while 
allowing those devices to remain operational. In this low clock mode the circuits are 
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still available to perform processing tasks, although they will do so more slowly than 
when clocked at full speed. It is to be understood that any component of the DHA 
control circuit 10, including but not limited to processing functions, clock and timer 
functions, and power control functions, may be provided as components that are 
external to the DHA. 

[0021] Referring now to Figure 2, an exemplary flow diagram 50 of the 
DHA control circuit is described. At step 52, the DHA control circuit detects and 
processes sound. During standard processing of a detected sound, a timer may be 
initialized and/or reinitialized at step 54. The timer may be internal or external to the 
DHA control circuit. The DSP or analog integrator circuit then determines whether 
the detected sound is at or above a decibel threshold at step 56. If the decibel level 
is at or above the threshold, the process returns to step 52 to continue detecting and 
processing sound. 

[0022] If the detected sound is below the threshold, the timer is 
incremented at step 58. It is also understood that the timer may begin at a high 
value and decrement to zero. The DHA control circuit determines whether the timer 
has reached a predetermined value at step 60. In other words, the DHA determines 
if the detected sound has been below the threshold for a predetermined period. 
When this condition is met, the DHA control circuit adjusts the operation of 
components such as the DSP, converters, and amplification circuit at step 62. For 
example, the DHA control circuit may turn of power to the converters, the DSP, and 
the amplification circuit. In another embodiment, the DHA control circuit my adjust 
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the clock speeds and/or sampling rates of the DSP, converters, and amplification 
circuit. 

[0023] The DHA control circuit continues to detect sound at step 64. The 
DHA control circuit determines whether the detected sound is above the decibel 
threshold at step 66. If the detected sound is still below the threshold, the DHA 
control circuit continues to operate as indicated by step 62. Otherwise, the DHA 
returns to normal operation at step 52. 

[0024] Referring now to Figure 3, a state diagram 70 of an exemplary DHA 
is shown. In state Q1, the DHA receives and processes sounds from an 
environment. The DHA samples the sounds and determines if the sounds at a 
particular instance are above a threshold. The DHA samples the sounds at a 
predetermined sampling rate. Alternatively, the sampling rate may be adjustable. If 
a sound is determined to be "interesting" while the DHA is in state Q1, the DHA 
remains in state Q1 , as indicated by transition 72. If a sound is determined to be 
"uninteresting" while the DHA is in state Q1, the DHA moves to state Q2, as 
indicated by transition 74. 

[0025] In state Q2, the DHA determines whether or not to adjust 
operations of components such as the DPS, converters, and amplification circuit. 
The DHA initializes a timer to a time T1 . The timer may be predetermined by a 
manufacturer or adjustable by a user. Once the timer initializes at the time T1 , the 
timer begins to decrement. The DHA remains in state Q2 as long as T1 is greater 
than zero and the DHA does not detect an "interesting" sound, as indicated by 
transition 76. If the timer reaches a time of zero without being interrupted by an 
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"interesting" sound, the DHA moves to state Q3 as indicated by transition 78. If the 
DHA detects an "interesting" sound while in state Q2, the DHA returns to state Q1 as 
indicated by transition 80. 

[0026] In state Q3, the DHA adjusts operational parameters. For example, 
referring back to Figure 1 , the power control circuit 22 may turn off power to the 
converters 14 and 18, the DSP 16, and the amplification circuit 20. In another 
embodiment, the power control circuit 22 may only turn off power to the amplification 
circuit 20. In another embodiment, the DSP 16 may alter the manner in which audio 
signals are processed. For example, the power control circuit 22 may provide power 
to the DSP 16 according to the high speed clock 40. In this manner, the DSP 16 will 
only process audio signals for a fraction of a second to conserve power. Because 
the DSP 16 would only process signals for a fraction of a second, only select 
portions of the sound may be passed on to a user. However, the relatively brief "off" 
periods would cause little or no degradation of sound to the perception of the user. 
In still another embodiment, the power control circuit 22 may provide power to the 
DSP 16 and other components according to the clock 40 during "normal" operation. 
If the DHA control circuit determines that a sound is "interesting," the DHA returns to 
state Q1 as indicated by transition 82. If the DHA control circuit fails to detect an 
"interesting" sound, the DHA remains in state Q3 as indicated by transition 84. 

[0027] Additionally, the present invention may include various 
embodiments for presetting and/or adjusting parameters of the DHA control circuit. 
For example, the DHA may include an interface through which a user may preset 
and/or adjust the parameters. In one embodiment, a user or technician may adjust 
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and/or preset clock rates, sampling rates, one or more timers, or the 
"interesting/uninteresting" threshold. Clocks rates may include a DHA internal clock, 
the high speed clock of the power control circuit, or a clock external to the DHA. The 
technician may also select which parameters are adjustable by a user. The interface 
may include mechanisms such as thumbwheels or setscrews. Alternatively, the user 
or technician may use a remote device or an external computer to adjust 
parameters. 

[0028] The description of the invention is merely exemplary in nature and, 
thus, variations that do not depart from the gist of the invention are intended to be 
within the scope of the invention. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention. 
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